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ABSTRACT 

A s t u d y  of Mars a s c e n t  t r a j e c t o r i e s  f o r  t h e  Mars S u r f a c e  
Return  (MSSR) p robe  was per formed.  The r e s u l t s  are  D r e -  

s e n t e d  i n  terms of AV, d e r i v e d  from t h e  a c t u a l  weight  r a t i o  of  
t h e  d i f f e r e n t  s t a g e s .  The c a l c u l a t i o n s  were performed for two 
a tmospheres :  t h e  VM-3 and VM-8. 

The r e s u l t s  a r e  shown i n  Tab le  1 and F i g u r e  2 .  The 
i n f l u e n c e  of t h e  Mar t i an  atmosphere i s  ve ry  l a r g e .  
u s e s  1 5 0 0  f t / s e c  l e s s ,  when changing  from a h i g h  d e n s i t y  t o  a 
low d e n s i t y  a tmosphere .  The la rge  i n f l u e n c e  of  t h e  two a tmospheres  
may be more c l e a r l y  obse rved  from F i g u r e  3 and 4 showing t h e  t r a -  
j e c t o r y  p r o f i l e s  v s  t i m e .  I n c r e a s i n g  t h e  t h r u s t  h a s  l i t t l e  e f f e c t .  
The p o s i t i o n  o f  t h e  p robe  r e l a t i v e  t o  t h e  s p a c e c r a f t  i s  shown i n  
F i g u r e  5 .  

The v e h i c l e  

It i s  concluded  t h a t  f o r  t h i s  h i g h  drag c o n f i g u r a t i o n  
a s c e n t  v e h i c l e  t h e  performance i s  g r e a t l y  a f f e c t e d  by  t h e  
a tmosphere .  
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SUBJECT: Ascent  of Mars S u r f a c e  Sample DATE: J a n u a r y  5,  1967 
Retu rn  (MSSR) Probe - D e l t a - V  
Requirements  - Case 103-2 FROM: J. J. Schoch 

MEMORANDUM FOR F I L E  

I N T R O D U C T I O N  

The Mars S u r f a c e  Sample R e t u r n  (MSSR) Probe i s  launched  
from t h e  manned Mars f l y b y  s p a c e c r a f t  app rox ima te ly  5 d a y s  b e f o r e  
t h e  s p a c e c r a f t ' s  a r r i v a l  a t  pe r i aps i s .  It l a n d s  on t h e  Mar t i an  
s u r f a c e  about  two h o u r s  b e f o r e  t h e  s p a c e c r a f t ' s  pe r i aps i s  passage 
and i s  launched  a t  such  a t i m e  as to rendezvous  w i t h  t h e  f l y b y  
s p a c e c r a f t .  

The p r e s e n t  memorandum i s  concerned w i t h  t h e  l a u n c h  
t r a j e c t o r y  of  t h e  MSSR probe .  It i s  assumed t h a t  t h e  l aunch  t r a -  
j e c t o r y  i s  p l a n a r  and l a y s  a t  l a u n c h  i n  t h e  same p l a n e  as t h e  f l y b y  
s p a c e c r a f t .  

S i n c e  t h e  d e s i g n  o f  t h e  MSSR p robe  i s  n o t  y e t  f i n a l i z e d ,  
t h e  r e s u l t s  are p r e s e n t e d  i n  t h e  form of  t o t a l  AV r e q u i r e d  from 
l i f t o f f  to rendezvous .  

TRAJECTORY DETAILS 

The s t u d y  of t he  t r a j e c t o r i e s  was based on a t h r e e  stage 
v e h i c l e  as d e s c r i b e d  on T a b l e  2 of  Refe rence  1. The weight  o f  t h e  
stages i s  d e s c r i b e d  t h e r e i n  as f o l l o w s :  

E N G I N E  & STRUCTURE PROPELLANT 
STAGE WEIGHT (LBS)  WEIGHT (LBS) 

Stage 1 230  2660 

Stage 2 82  6 6 6  

S t a g e  3 24  1 4 8  

T h e  t r a j e c t o r y  i t s e l f  f o l l o w s  t h e  f o l l o w i n g  p r o f i l e .  

During t h e  f irst  stage f l i g h t ,  t h e  v e h i c l e  r i s e s  
v e r t i c a l l y  f o r  1 0  s e c  a t  which t i m e  i t  i s  t i l t e d  f o r  a p r e -  
d e t e r m i n e d  l e n g t h  o f  t i m e  and f o l l o w s  a s o - c a l l e d  g r a v i t y  t u r n  
t r a j e c t o r y  f o r  t h e  remain ing  d u r a t i o n  of  t h e  stage.  During t h e  
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s econd  and t h i r d  stage t h e  v e h i c l e ' s  p i t c h  a n g l e  f o l l o w s  a l i n e a r  
t a n g e n t  r e l a t i o n ,  i . e . ,  

t a n  Y = A+Bt 

where Y = v e h i c l e  p i t c h  a n g l e  

A = i n i t i a l  p i t c h  

B = p i t c h  r a t e  

t = t i m e  f rom s t a r t  of  second s t a g e .  

The l i n e a r  t a n g e n t  l a w  i s  a v e r y  good approx ima t ion  t o  
t h e  optimum p a t h  f o r  e a r t h  l aunches  t o  a c i r c u l a r  t r a j e c t o r y .  It  
i s  n o t  n e c e s s a r i l y  t h e  optimum p a t h  for t h e  p r e s e n t  a p p l i c a t i o n  
b u t  was assumed t o  be  a s u f f i c i e n t l y  good approx ima t ion .  

Between t h e  second and t h i r d  s t a g e  a c o a s t i n g  p e r i o d  
i s  i n s e r t e d  which may be  used f o r  f i n a l  gu idance  a d j u s t m e n t .  

The t h r u s t  was o r i g i n a l l y  s e l e c t e d  i n  such  a manner as 
t o  g i v e  approx ima te ly  t h e  f o l l o w i n g  t h r u s t - t o - w e i g h t  r a t i o s  f o r  
t h e  d i f f e r e n t  s tages:  

1st Stage 

1 . 7  

2nd Stage 

2 . 1  

3 r d  Stage 

1.9 

To d e t e r m i n e  t h e  i n f l u e n c e  o f  t h e  v a l u e  o f  t h e  t h r u s t  on 
t h e  t r a j e c t o r y ,  i t  was i n c r e a s e d  f o r  a l l  s tages  by 25 and 50%.  For 
convenience  t h e  th ree  v a l u e s  of  t h r u s t  w i l l  be r e f e r r e d  t o  as low, 
medium, and h i g h  r e s p e c t i v e l y .  

During f i r s t  s t a g e  f l i g h t ,  t h e  v e h i c l e  e x p e r i e n c e s  a 
drag  f o r c e  which was computed, based on t h e  f o l l o w i n g  a s sumpt ion  
f o r  t h e  drag c o e f f i c i e n t  as a f u n c t i o n  of  Mach number: 

T h e  f i r s t  s t a g e  f r o n t a l  a r e a  was assumed t o  be 22 ft ' .  
n e g l e c t e d  d u r i n g  second and t h i r d  stage b u r n .  

Drag was 



B E L L C O M M ,  I N C .  - 3 -  

Two d i f f e r e n t  a tmospheres  were used i n  t h e  a n a l y s i s :  
t h e  JPL a tmospheres  VM-3 and VM-8 (Refe rence  2 ) .  These two 
atmosphere models have about  t h e  same s u r f a c e  d e n s i t y ,  but at 
h i g h  a l t i t u d e s  t h e  d e n s i t y  i s  orders -of -magni tude  g r e a t e r  for 
VM-3 (see F i g u r e  1). 

T r a j e c t o r i e s  were r u n  f o r  d i f f e r e n t  rendezvous  p o i n t s  
a l o n g  t h e  s p a c e c r a f t  hype rbo la  i n  o r d e r  to d e t e r m i n e  t h e  optimum 
which w a s  found t o  b e  i n  t h e  neighborhood o f  3 - 4 x lo6 ft 
a l t i t u d e .  Fo r  e a c h  a l t i t u d e  t h e  optimum k i c k  a n g l e ,  i . e . ,  t h e  
k i c k  a n g l e  g i v i n g  t h e  h i g h e s t  pay load  was de te rmined ;  t h u s ,  each 
r u n  was op t imized  f o r  k i c k  a n g l e  and rendezvous a l t i t u d e .  

A l l  r u n s  were i n i t i a l l y  made for a s p a c e c r a f t  p e r i a p s i s  
a l t i t u d e  of  118 .6  nm and a Vm = 28250 f t / s e c .  Fo r  one c a s e  t h e  
c a l c u l a t i o n  was r e p e a t e d  f o r  a p e r i a p s i s  a l t i t u d e  o f  300 nm. 

RESULTS AND CONCLUSIONS 

The r e s u l t s  of t h e  t r a j e c t o r y  computa t ions  a re  g i v e n  on 
Tab le  1 and summarized i n  F i g u r e  2 .  Reduct ions  i n  t h e o r e t i c a l  AV 
are  p r e s e n t e d  r a t h e r  t h a n  p a y l o a d s .  

The bar c h a r t  on t h e  l e f t s i d e  re fers  t o  t h e  h i g h  d e n s i t y  
a tmosphere VM-3, t h e  one on t h e  r i g h t  t o  t h e  low d e n s i t y  a tmosphere 
VM- 8. 

The c a s e  of  low t h r u s t  f o r  t h e  h igh  d e n s i t y  a tmosphere  
(VM-3) w a s  S ~ l e ~ t . e d .  2s 2 ~ P ~ P Y P E C ~ .  It Y C ~ G ~ Y S S  s t l - iEoi?et icdi  
v e l o c i t y  inc remen t  o f  AV = 36973 f t / s e c .  I n  F i g u r e  2 t h i s  co r -  
r e sponds  t o  a AV d e c r e a s e  o f  z e r o .  The d i f f e r e n c e  i n  AV due to 
s w i t c h i n g  from t h e  h i g h  t o  t h e  low d e n s i t y  a tmosphere i s  o f  t h e  
order-of-magnitude o f  1 5 0 0  f t / s e c .  F o r  t h e  v e h i c l e  unde r  con- 
s i d e r a t i o n ,  t h i s  co r re sponds  t o  a r e d u c t i o n  o f  g r o s s  we igh t  t o  
pay load  r a t i o  f rom 1 1 4  f o r  t h e  VM-3 atmosphere t o  88 f o r  t h e  
VM-8 atmosphere.  The e f f e c t  o f  t h e  two d i f f e r e n t  a tmospheres  
on t h e  a s c e n t  t r a j e c t o r y  i s  even more a p p a r e n t  on F i g u r e s  3 and 
4 .  
as a f u n c t i o n  o f  f i r s t  s t a g e  b u r n i n g  t i m e .  F i g u r e  4 shows a p l o t  
o f  f l i g h t  p a t h  a n g l e  and a l t i t u d e  as a f u n c t i o n  o f  f i r s t  s t a g e  
b u r n i n g  t i m e .  It may b e  observed  t h a t  t h e  t r a j e c t o r y  i n  t h e  VM-3 
a tmosphere  i s  much s t e e p e r  and t h a t  t h e  v e h i c l e  e x p e r i e n c e s  
s u b s t a n t i a l l y  l a r g e r  dynamic p r e s s u r e s  ( a lmos t  3 t i m e s ) .  

F i g u r e  3 shows a p l o t  of v e h i c l e  v e l o c i t y  and dynamic p r e s s u r e  

It may a l s o  be  no ted  t h a t  a t  t h e  end o f  t h e  f i r s t  s t a g e  
t h e  dynamic p r e s s u r e  i s  s t i l l  2 l b / f t 2  f o r  VM-3. A s  s t a t e d  e l se -  
where, d r a g  was n e g l e c t e d  d u r i n g  second and t h i r d  s tage  burn .  Had 
i t  been c o n s i d e r e d  t h e  AV d i f f e r e n c e  would even b e  l a r g e r .  
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The d r a g  l o s s  i n  terms o f  AV w-s computed by i n t e g r a t i n g  
Drag/Mass v s  t i m e .  The r e s u l t  showed a AV l o s s  o f  1050 f t / s e c  f o r  
t h e  VM-3 a tmosphere  and only  155 f t / s e c  f o r  t h e  VM-8 a tmosphere .  

An i n c r e a s e  i n  t h r u s t  o f  25  and 50% f o r  a l l  t h ree  stages 
does  n o t  s i g n i f i c a n t l y  change t h e  AV r e q u i r e m e n t  b u t  i t s  e f f e c t  i s  
a l i t t l e  l a r g e r  on t h e  low d e n s i t y  a tmosphere  ( a b o u t  300 f t / s e c  
compared t o  130 f t / s e c  when g o i n g  from t h e  low t h r u s t  t o  t h e  h i g h  
t h r u s t ) .  

Using ha l f  t h e  d rag  f o r  t h e  b a s i c  c a s e  p r o v i d e d  a AV 
r e d u c t i o n  of abou t  650 f t / s e c .  Changing t h e  s p a c e c r a f t  p e r i a p s i s  
a l t i t u d e  from 118.6 t o  300 nm added abou t  425 f t / s e c  t o  t h e  AV 
r e q u i r e  ( - d e c r e a s e  on F i g u r e  2 ) .  The t r a j e c t o r y  o f  t h e  MSSR p r o b e  
r e l a t i v e  t o  t h e  s p a c e c r a f t  i s  shown i n  F i g u r e  5 .  

It i s  concluded  t h a t  f o r  t h i s  h i g h  d r a g  c o n f i g u r a t i o n  
a s c e n t  v e h i c l e  t h e  performance i s  g r e a t l y  a f f e c t e d  by  t h e  
a tmosphere .  

The r e s u l t s  i n d i c a t e  t h a t  a h i g h  d r a g ,  low s t r u c t u r a l  
we igh t  c o n f i g u r a t i o n  may not  b e  t h e  b e s t  c h o i c e  7. f o r  t h i s  m i s s i o n .  

1013-JJS-csh ‘J .‘J. Schoch 
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FIGURE 3 - COMPARISON OF T I M E  HISTORY OF VELOCITY AND 
DYNAMIC PRESSURE DURING F I R S T  STAGE F L I G H T  
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